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INTRODUCTION

The Project Description and Updated Cost Estimates for Sites/Colusa Reservoir Project report

has been prepared as part of the Storage and Conveyance Component Refinement Task of the

CALFED Bay-Delta Program (CALFED or Program). CALFED’s mission is to develop a long-

term comprehensive plan that will restore ecological health and improve water management

beneficial uses of the San Francisco Bay/Sacramento-San Joaquin Delta (Bay-Delta) system.

This report summarizes the principal features, estimated costs, and environmental ~nsiderations

of constructing the Sites/Colusa Reservoir Project. The geography of the site permits a range of

storage options to be considered,from a minimum of approximately 1.2 million acre-feet (mat)

to a maximum of 3.3 mar. The.general location of the Sites/Colusa Reservoir Project is show~

on Figure 1.. This evaluation and others that are being performed by CALFED are intended

provide a facilities evaluation and updated cost estimates of representative storage and -

conveyance components.. The objectives of the Sites/eolusa Reservoir Project evaluation, are

(1) to provide updated cost ~stimates for the three project alternatives which represent costs

within the range expected if the project were to be constructed today and (2).to enable CALFEIM.’~

to compare this project against other projects that might be considered as part of a long-term "~

CALFED solution strategy.

The cost estimates for the Sites/Colusa Reservoir Project were developed by applying current

unit costs to quantities found in the following three reports: the 1964 and 1980 U.S. Bureau of

Reclamation’s reconnaissance and appraisal reports on the West Sacramento Canal Unit and the

California Department of Water Resources’ (DWR) 1996 Reconnaissance Sun, e2: Sites

Off stream Storage Project.

A preliminary evaluation of the environmental considerations associated with this proposed

project has also been included in this report. Fish, wildlife, plant, and cultural resources that
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SITES[COLUSA RESERVOIR PROJECT

could be affected have been described and potential impacts have been identified. The

information for the evaluation of environmental considerations was gathered from existing

literature and databases.

PROJECT BACKGROUND

Various Sites/eolusa Reservoir Projects have been examined over the past four decades. The

earliest published reference to a Sites Reservoir Project is found in the DWR Bulleti~ 3, The

California Water Plan 1957, which mentions a 48,000 acre-foot off-stream storage ~servoir on

Stone Corral and Funks Creeks supplied by the Tehama-Colusa Canal. The project was again

identified in DWR Bulletin 109, Colusa Basin I~vestigation, 1964-, to evaluate potential flood

control projects, and considered two separate reservoirs of 5,800 and 7,600 acre,feet on Stone

Corral and Funks Creeks, respectively. An update of this report in 1990 found these      "

unjustified for flood ~ntrol alone.

Consideration of Iarger projects at the Sites location was first documented in December I964,

when the Bureau of Reclamation published its West Sacramento Canat Unit Report, which ~

studied the feasibility of extending the Tehama-Colusa Canal (via a new West Sacramento

Valley Canal) into Solano County near Fairfield. As part of this canal extension plan, a 1.2 mar

Sites Reservoir was proposed. This .study did not evaluate the potential of Sites Reservoir as a

stand-alone project, only as part of the extended canal system. This was the most detaiIed study

of the Sites Reservoir Project and formed the basis for cursory studies which followed. The .

Bureau of Reclamation attempted to obtain funds for a full feasibility study of Sites Reservoir in

1977; however, appropriations were never approved. The short concluding report ending the

Bureau of Reclamation’s efforts stated, "The 1976-77 Drought clearly demonstrated the need f~

additional surface water development. One means of increasing water supply is conservation of

surplus flows by storage in off-stream reservoirs." Sites Reservoir is capable ofe~nserving ~ese

surplus flows, thereby increasing water supply availability.

CALFED 2
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Throughout the 1960s and 1970s, Sites Reservoir has historically been considered a Bureau of

Reclamation project, and DWR’s only published report on the project was for a small-scale flood

control project. However, DWR performed unpublished analyses of the larger Colusa Reservoir

Project’s water supply potential in connection with regional investigations. In DWR Bulletin

136, Northern CoastalArea Investigation, various conveyance routes were studied including a

westside conveyance system which included Colusa Reservoir. Two unpublished office

in 1967 and 1968 on the Klamath-Trinity Development Projects included conveyance systems

which terminated~t Colusa Reservoir. In 1975, a DWR progress report rifled Major Surface

Water Development Opportunities in the Sacramento Valley contained details ofa Colusa

Project. A slightly modified version of the Colusa Reservoir plan is shown in DWP,

Bulletin 76-81 (November 1981), State Water Project - Status of Water Conservation and Water~

Supply Augmentation Plans. This DWR report states that studies of Colusa Reservoir to date

indicated that the incremental cost of storage would be excessive in comparison to storage co~

of Sites Reservoir.

In September 1980, a Bureau of Reclamation report tiffed West Sacramento Canal Unit,       ~,.

Appraisal Design Criteria and Cost Estimate Appendix reanalyzed the West Sacramento Canal
Unit features including a Sites Reservoir at a capacity of 1.9 mar. This report was adopted as ~.~.-

basis for the Large Sites Reservoir (1.9 mat’) cost estimate.

Sites and Colusa Reservoirs are contained in an August 1982 unpublished DWR office report

titled Enlarging Shasta Lake Feasibility Study- Descriptions of Alternative Storage Facilities.

This report l’elied on previous studies and did not develop any new information. Likewise,

information on the Sites or Colusa Projects is contained in the following reports prepared since

1982; all are based on previously developed information: (1) Enlarging Shasta Lake

Feasibility - Progress Report, USBR-DWP~ Unpublished Draft, November 1983; (2) Assessment

of Bureau of Reclamation Planning Activities Involving New Water Supplies, Limited USBR
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SITES/COLUSA RESERVOIR PROJECT

Office Report, September 1983; (3) Least-Cost CVP Yield Increase Plan- Appendix #6, Surface

Storage and Conveyance, USBR Office Report, September 1995.

In March 1990, the engineering consulting firm, CH2M Hill, Inc., prepared a long-range plan for

Glerm-Colusa which included an 870,000 acre-foot Sites Reservoir with normal water surface

elevation at 460 feet. This project was based on the Bureau of Reclamation’s 1964 report, but~:~:~i~-~..~
was judged unimplementable by Glerm-Colusa because of the financing needed to cover the

capital cost of $152 million. In 1993, CH2M Hill published a small report on Meeting

California’s Water Needs in the 2 I st Century, which presented a.conceptual. Westside Storage

and Conveyance System. This concept mentioned a Sites/Colnsa Reservoir with a feeder

pipeline from Lake Oroville. DWR’s California Water Plan Update, Bulletin 160-93, inelude~

description of the Westside Sacramento Valley Concept when discussing water supply

management options.

FACILITIES DESCltIPTIONS

This section provides details on three alternative sizes of off-stream storage projects at the "

Site~/Colusa location to be used for this evaluation. These sizes include (I) the Small Sites

Reservoir Project, which would have a capacity of 1.2 mar with the crest of the dam at 490 feet

above mean sea level (MSL); (2) the Large Sites Reservoir ProjeCt; with a capacity of 1.9 mar ~

with the crest of the dam at 541 feet above MSL; and (3) the Colusa Reservoir Project, with a

capacity of 3.3 mafwith the crest of the dam at 541 feet above MSL. Other intermediate sizes

are possible, but these three alternatives encompass the practical range of reservoir sizes for

large-scale water conservation purposes. If the storage of Colusa Reservoir was increased above

3.3 maf, the embankment volume and number of saddle dams would increase substantially.

Additionally, seepage through Logan Ridge, which forms the eastern boundary of all reservoir

options, might become an issue.

CALFED 4
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PROJECT LOCATION

The Sites/Colusa Reservoir Project would be located about 10 miles west of Maxwell in

Antelope Valley across the drainages of Stone Corral and Funks Creeks. The main dams and
I most of the project would lie within northern Colusa County, but a Colusa Reservoir would

F extend into southem Glenn County. The Colusa Reservoir Project would be formed by

extending the Large Sites Reservoir north into the Hunters and Logan Creek drainages. Figure

[ shows the general location of the facilities associated wittgt.~e~Sites Reservoir projects. Figure

shows the general location of the facilities associated with the Colusa Reservoir project.

PROJECT DESCRIPTION

All of these projects are off-stream storage reservoirs as they have very little natural runoff

i would have to be filled primarily through pumped diversions from the Sacramento River. The

Tehama-Colusa Canal and Glenn-Colusa Irrigation District Canal are the main existing conduits

I through which a Sites/eolusa Reservoir Project could be filled. An alternative option for filling

these reservoirs would be a new diversion from the Sacramento River, near Chico Landing,

which would tie into the Tehama-Colusa Canal. Similar evaluations for increasing the capaci~

of the Tehama-Colusa Canal or the Glenn-Colusa Canals and constructing a new Sacramento ¯

..... River diversion and conveyance facility (Chieo Landing Intertie) are being performed by

. CALFED.

The Small and Large Sites Reservoir Projects would be formed by constructing two main dams

on Stone Corral and Funks Creeks and several smaller saddle dams along the low divide between

the Funks and Hunters Creek drainages. The larger Colusa Reservoir Project would o~ u

by constructing two additional large dams on Hunters and Logan Creeks. Several additional

saddle dams would also be required; the overall increase in dam volume required for the Colusa

Reservoir Project compared to the Large Sites Reservoir Project is almost threefold. Area-

CALFED 5
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SITES/COLUSA RESERVOIR PROJECT

capacity curves for Sites Reservoir and Colusa Reservoir are shown on Figures 4 and 5,

respectively.

The primary purpose of the Sites/Colusa Reservoir Project would be to provide additional
I drought-year water supplies for agricultural, environmental, and urban uses in the Bay-Delta. In

~ addition, other potential benefits of a Sites/Colusa Reservoir Project could include: ....~:,~::,.... ....

[ * Flood~ontrol for the lands around the town of Maxwell as well as in the Colusa

¯ Increased recreational use around the reservoir.

¯ Increased reliability of local water supplies. ~ "~.~-

|
¯ Potential for conjtmctive.use and management of local groundwater and surface

water supplies t~ further augment drought period water supplies. "

¯ ¯ More reliable and adequateWater supplies for refuges inthe Colusa Basin.

~.! PRINCIPAL FACILITIES

k.. The following section provides a description of the three alternative reservoirs which could be

:- constructed at the Sites/Colusa site. These reservoirs are the Small Sites Reservoir with 1.2 mar
i. ¯ of total storage capacity, the Large Sites Reservoir with 1.9 maf of total storage capacity, and the..

I Colusa Reservoir with 3.3 mar of total storage capacity.

~ Summaries of the physical features of the Small Sites, Large Sites, .and Colusa Reservoir

alternatives are provided in the following sections. A schematic profile of the Small Sites and

CALFED 6
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SITES/COLUSA RESERVOIR PROJECT

Large Sites alternatives is shown on Figure 6. A separate schematic profile of the Colusa

Reservoir alternative is provided on Figure 7. In addition, Table 1 provides a summary of the

physical characteristics of the Small and Large Sites and Colusa Reservoir Projects.

I Small Sites Reservoir Project

The maximum operating water surface elevation would be at 480 feet above MSL and would

inundate approximately 12,300 acres. The Small Sites Reservoir would be formed by a 251-fo6~-~i~

high Golden Gate Dam on Funks Creek and a 243-foot-high Sites Dam on Stone Corral Creek,

I- supplemented by five rolled-earth dikes ranging from 10 to 80 feet high. The total storage

capaeity of the Small Sites Reservoir would be 1.2 mar. "~;;~~

The existing 40-foot-high dam which forms Funks Reservoir would remain the same for this ~}

i alternative and would regulate inflow to and outflow from Sites Reservoir. A pumping-

generating plant would be located at the base of Golden. Gate Dam to pump water a maximum of

I
280 feet from Funks Reservoir into Sites Reservoir (Sites Pumping-Generating Plant). The

pumping-generating plant would have a capacity of 5,000 cubic feet per second (efs) and would~

f serve both inflow and outflow requirements for the Small Sites Reservoir Project. ~

A small open-chute type spillway with an uncontrolled crest (ungated) and a capacity of 250

would discharge into a tributary of Hunters Creek at the northwest comer of the reservoir.

Because of the small, relatively dry tributary drainage area and large reservoir surface area,

small spillway would be adequate to hzaadle maximum probable project flood.

I The outlet tunnel, located on the right abutment of GoldenGate Dam; would contain the

penstock for the Sites Pumping-Generating Plant. The outlet tunnel would be used to fill Sites

I Reservoir and to make releases to Funks Reservoir either through the pumping-generating plant

or a bypass. DWR’s Division of Safety of Dams requires that during emergency evacuation,
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10 percent of the maximum water depth must be released in ten days. Therefore, the SmalI Sites

Reservoir outlet tunnel was cost-estimated at a release capacity of 15,200 efs. No outlet facility

would be required at Sites Dam. Funks Reservoir has a spillway with a capacity of 22,430 cfs

and, therefore, no additional emergency release facilities are required at Funks Reservoir to

evacuate the emergency release from Small Sites Reservoir.

Large Sites Reservoir Project
=~,~ ~

The Large Sites Reservoir Project was described and evaluated in the 1980 Bureau of

Reclamation appraisal report on the West Sacramento Canal Unit.. Similar in content to the I964

report, the 1980 report also focused on the West Sacramento Canal Unit components, one of

which was Large Sites Reservoir.

The Sites Reservoir has maximum water surface elevation of 532 feet,Large Project a operating

which would inundate approximately 14,700 acres. The reservoir would be formed by a

294-foot-high Sites Dam o~r Stone Corral Creek anda 302-foot-high Golden Gate Dam on Funks. .A.

Creek (plus 12 saddle dams ranging up to 112 feet high). The total storage capacity of the L~~

Sites Reservoir would be 1.9 mar. ~ ~-

The dam which forms remain the for this ~existing40-foot-high FunksReservoirwould

alternative and would regulate inflow and outflow fromSites Reservoir. A pumping-generating

plant would be located at the base of Golden Gate Dam to pump water a maximum of 332 feet ~ _~_. _
from Funks Reservoir into Sites Reservoir (Sites Pumping-Generating Plant). The pumping-

generating plant would have a capacity of 5,000 efs and would serve both inflow and outflow

requirements for the Large Sites Reservoir Project. ~~

Twelve saddle dams ranging in height from 27 to 112 feet would be required at the north end of

Large Sites Reservoir to close the gaps between the small rolling mounds that form the divide

CALFED 8
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between the Funks and Hunters Creek drainages. A small open-chute type spillway with an

uncontrolled crest (ungated) and a capacity of 250 cfs would discharge into a tributary of Hunters

Creek at the northwest comer of the reservoir next to the westernmost saddle dam. Because of

the small, relatively dry, tributary drainage area and large reservoir surface area, a small spillway

would be adequate.

The outlet tunnel, located on the right abutment of Golden Gate Dam, would contain the      ~

penstock for the Sites Pumping-C~xm-ating Plant. The outlet tunnel would be used to fill Sites N’~

Reservoir and to make releases to Funks Reservoir, either through the pumping-gen, erating plant

or a bypass. To satisfy the DWR, Division of Safety and Dams requirement that during
emergency evacuation, 10 percent of the maximum water depth must be released in ten days, t~~

outlet tunnel was cost-estimated at a release capacity of 22,000 efs. Like Small Sites Reservoir~.~
no outlet facility would be required at Sites Dam, and no additional emergency release faeilitie_~. ~..

are required at Funks Reservoir to evacuate the emergency release.from a Large Sites Reservoir.

Colusa Reservoir oProject

The extension of the Large Sites Reservoir into the northern "Colusa compartment" wouId fo

the Colusa Reservoir. In addition to the 294-foot-high Sites Dam and the 302-foot-high Golden

Gate Dam, it would be necessary to build two additional large dams where Hunters and Logan

Creeks pass through Logan Ridge, Hunter Dam and Logan Dam, respectively. Hunters Dam

would be 282 feet high and Logan Dam would be 272 feet high. Four small saddle dams ranging~

from 71 to 260 feet (maximum dam heights) would be required along Logan Ridge, and five

saddle dams ranging from 11 to 130 feet (maximum dam heights) would be required along the

northern boundary of Colusa Reservoir. The maximum operating water surface elevation woul,d~~

be at 532 feet MSL, which would inundate approximately 29,600 acres. The total storage

capacity of Colusa Reservoir would be 3.3 maf.

CALFED 9
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The Colusa Reservoir, like Small and Large Sites Reservoirs, would be filled by winter and

spring Sacramento River surplus flows. This water would be delivered to Colusa Reservoir

through an enlarged Tehama-Colusa Canal, but would be pumped from a different location thart

that of Small and Large Sites Reservoirs. This location is approximately four miles south of

Willows and nine miles north of Funks Reservoir.

The conveyance system from the Tehama-Colusa Canal to Colusa Reservoir would include

(1)~gan Forebay, a 400 acre-foot impoundment formed by a low earth dam on Logan Creek )~i

immediately west of the Tehama-Colusa Canal; (2) a 5,000 efs, 1.7-mile Logan Ca;n, al connecting

Logan Forebay to the Logan Pumping-Generating Plant located at the base of Logan Dam; and

¯ (3) the Logan Pumping-Generating Plant, which would lift water a maximum of 322 feet into

Colusa Reservoir. Logan Pumping-Generating Plant would have a capacity of S,000cfs and

would serve both inflow and outflow requirements for the Colusa Reservoir Project. ~ .~.

An open-chute type spillway with an uncontrolled crest (ungated) and having a capacity of

2,500 cfs would discharge into Hunters Creek. Like Small and Large Sites Reservoirs, a small

spillway is adequate because of the large water surface area in relation to the small, relatively

tributary drainage area.

The outlet works facilities for Colusa Reservoir would include an outlet at Logan Dam and at ~

Golden Gate Dam. The outlet works facility, located at Logan Dam, would contain the penstock~.~.~
for the Logan Pumping-Generating Plant and would be used to fill Colusa Reservoir and to maked~

releases to Logan Forebay. The outlet facility located at Golden Gate Dam would only be used

to help during an emergency evacuation. The DWR, Division of Safety and Dams requires that

during an emergency evacuation, 10 percent of the maximum water depth must be released in

days. This equates to an estimated release capacity of 44,000 cfs, or 22,000 cfs at each outlet

works facility. Alternative methods for evacuating the release flows could includeemergency
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the construction of an additional outlet works facility at Sites or Hunter Dam or an enlarged and

gated spillway in either the Sites or Colusa compartment.

ISSUES COMMON TO ALL ALTERNATIVES

The Sites/Colusa Reservoir inundation area is very sparsely populated, with fewer, than 100

residents living in the potential project area. However, the community of Sites would have to be

relocated. Outside of the community of Sites, few utilities would have to be relocated, but the

road to Stonyford would have to be relocated outside the reservoir.

Geology and Constl~ction Materials                                              ~-~N~..

|
The availability of construction materials near the project site appears to be adequate for all

! alternative projects evaluated. A 1978 field investigation memorandum byDWRindieatesthat

. six impervious material alluvihl fill areas totaling more than 50 million cubic yards lie along
¯

stream channels within the Sites/Colusa Reservoir area. Rockfill quantities of at least 185

.... million cubic yards are located along Logan Ridge or in the reservoir area. No sand and gravel

¯ .. deposits are located near the reservoir; the closest large source is north of Willows in an old.

- . channel of Stony Creek.

Probably the most significant technical factor affecting the construction of a Sites/Colusa

Reservoir Project is seismieity. No seismic investigation has been conducted specifically for the

I Sites/Colusa Reservoir; however, an article in The Journal of Geophysical Research in 1988

reported on studies from 1969 to 1985 which discussed the seismieity of the area from Red BIuff

I to San Luis Reservoir.
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The 1988 study implied the possibility of large-scale earthquake activity in the area emanating

from "hidden" faults along the western Great Valley, other investigations have also examined the

west side of the Sacramento Valley and identified several hot spots of micro-seismic activity

related to "hidden" or "blind" faults. To date, the extent and potential of these hidden faults have

yet to be adequately defined. This undefined potential for large-scale earthquake activity within

the Sites/Colusa Reservoir Project region could substantially affect the design of the facilities ~:.~;~,.

and deserves considerable additional study.

COST ESTIMATE ¯

The cost estimates for the facilities described in the previous sections are based on previous

estimates performed by the Bureau of Reclamation. The previous estimates have been reviewe~ ~ -

and adopted for the present cost estimate update. Several items in the previous cost estimates .~.~

were modified to ensure that current design standards and safety factors were incorporated.

Items not included in this estimate include environmental doeumentarion,, operation and

maintenance costs, power costs, reservoir filling costs, and interest during construction.

SMALL AND LARGE SITES RESERVOIRS ~ ~

The cost estimates for the Small and Large Sites Reservoir alternatives were determined by

applying current trait costs to quantities found in the June 1964 Bureau of Reclamation report

rifled West Sacramento Canal Unit, Reconnaissance Design Criteria and Cost Estimate

Appendix (Small Sites Report) and in the September 1980 Bureau of Reclamation report titled

West Sacramento Canal Unit, Appraisal Design Criteria and Cost Estimate Appendix (Large

Sites Report). Current unit costs were determined by esealaring the unit costs found in the I990~;~"~

DWR report titled Los Banos Grandes Facilities Report, Appendix A: Designs and Cost

Estimates (LBG Report). The costs were escalated to October 1996 dollars using the Bureau of

Reclamation’s Construction Cost Trends (CCT) indices. Tables 2a and 2b provide a detailed
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breakdown of the estimated costs of constructing Small Sites and Large Sites Reservoirs. These

tables also include an updated cost estimate for each cost item identified in the previous cost

estimates, along with the quantities of the cost item or an indication that the estimated cost has

been developed through a lump sum approach. The tables also include the Bureau of

Reclamation CCT index for the month and year in which the estimated cost was developed and

for October 1966. These Bureau of Reclamation cost indices are used to factor the previous

estimate to October 1996 dollars. In some instances, only a unit cost has been provided, with n~6;ij

cost indices t-~r.baahese cases, the unit cost has been taken from other sources. The far right-handi~i~ ~i~-

column of Tables 2a and 2b provides the cost reference for each cost item.

The Sites 1.2 mafaltemative was revised to a 1.9 mar reservoir in the Large Sites Report.

Because the cost estimates in the Large Sites Report are 16 years more current than the cost

estimates found in the Small Sites Report, many of the unit costs from the Large Sites Report

(escalated to October 1996 dollars) were used in place’of the unit costs found in the Small Sites

Report. For example, many of the dam construction unit costs found in the Large Sites Report

(escalated to October 1996 dollars)were applied to the quantifies found in the Small Sites

Report. The outlet works cost estimate was factored as noted below under Outlet Works
~’ ~

Capacity Adjustment to meet the criteria for emergency release drawdown. ~

Colusa Reservoir

The cost estimate for the Colusa Reservoir alternative wasdetermined by incorporating the Larg~

Sites Reservoir cost estin~ate information (developed from a prior report) and methodology for

calculating the costs of Golden Gate Dam and Sites Dam. New cost estimates were developed

I for Hunters Dam, Logan Dam, Logan Forebay Dam, and nine saddle dams required for the ~~

Colusa Reservoir Project. The Large Sites Reservoir cost estimates were used as a basis for

developing outlet works and spillway cost estimates for Colusa Reservoir. The cost estimates for.
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the outlet works were factored as described below in the Outlet Works Capacity Adjustment

section. The cost estimate for the spillway was similarly adjusted.

For the new cost estimates, U.S. Geological Survey (USGS) 1:24,000 scale quad maps were used

to locate Hunters Dam, Logan Dam, Logan Forebay Dam, and all nine saddle dams (new dams).

Dam embankment quantities were calculated based on the typical Sites Dam cross section

in the 1980 Bureau of Reclamation report and the ground profile generated from the USGS ma~.

Using the detmled cost estimate for the Large S~tes Golden Gate Dam as a bas~s for determmmg~

cost for the new dams, any new dam’s cost was estimated by factoring the cost of the Golden

Gate Dam by the ratio of the dam embanking volume of the new dam to the dam embankment

volume of Golden Gate Dam.                                       . .

The cost for Logan Canal was developed by applying linear foot unit costs to the 1.7 mile

of canal. The .costs for linear foot of canal were developed for the Chico Landing CALFED

conveyance component. Table 2e provides a detailed breakdown of the estimated costs of"

Colusa Reservoir.constructing

Right-of-Way Costs

Right-of-way cost of $1,500 per acre was used for the Sit?s/Colusa Reservoir Projeetz Right-of~~

way costs were developed by the Bureau of Reclamation s Land Resources Branch (pets. comm. ~.~

February 1997). The total project lands that need to be acquired include a buffer around the

maximum water surface area. The ratio of total project land. to maximum water surface area

in the cost estimate is 1.32 based on data from the LBG Report.
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Outlet Works Capacity Adjustment

As described earlier in Facilities Descriptions, the outlet works facilities and/or the spillway must

be able to evacuate 10 percent of the maximum water depth within ten days as required by

DWR’s Division of Safety of Dams. The spillway for the Sites/Colusa Reservoir Project was

designed as an open-chute type with an uncontrolled crest (ungated) and therefore will not be

able to contribute to the emergency release drawdown. Therefore, the emergency drawdown

flow, estimated at 15,200 cfs for the Small Sites Reservoir, 22,000~efs~:for the Large Sites -

Reservoir, and 44,000 cfs for the Colusa Reservoir, must be released through the outlet works or

a redesigned gated spillway. For the Small Sites, Large Sites, and Colusa Reservoir alternatives,
the earlier cost estimates for the outlet works assumed an outlet works capacity of 2,100 efs. T~:~.¯
develop a cost for the outlet works capable of releasing 15,200 efs at Small Sites Reservoir, ~

22,000 cfs at Large Sites Reservoir, or 44,000 efs (22,000 cfs at each additional facility) at

Colusa Reservoir, the cost for the 2,100 cfs outlet works was factored by the following empirical

equation:

(Cost)l - QI~(Cost)2
Q2~

Where Q is equal to capacity.

FThis cost factor formula is typically valid over moderate ranges in capacity; the validity over

larger ranges is undetermined. However, because the estimated cost of the 0uflet works is a

relatively low percentage of the total project cost, the impact of any error resulting from utilizing

.this ratio beyond its valid range is within the range of the accuracy of the estimate.
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SITES/COLUSA RESERVOIR PROJECT

Pumping-Generating Plant Costs

The pumping-generating plant cost estimates are based on actual construction costs for the

Waddell Pumping-Generating Plant in Arizona, which was completed in I994 and is similar

size and scope to the Sites/Colusa Reservoir pumping-generating plants. To develop a cost for

the Sites/Colusa Reservoir pumping-generating plants, the actual construction cost of the

Waddell Pumping-Generating Plant (escalated to October 1996 dollars) was factored by the

following empirical equation:        ,~’~

(Cost)2 HP26/I0

Where HP is equal to horsepower.

As with the cost factor formula used for estimating the new outlet works costs, this formula is
also valid over moderate ranges in horsepower; the validity over larger ranges is undetermined.,~i~.

The impact of any error resulting from utilizing this ratio beyond its valid range is also expect~

to be within the range of the accuracy of the estimate.

Contingencies and Other Costs

All contingencies and engineering, construction management, and administrative factors were

determined by historical engineering judgment based on similar level of cost e~rnation.

Contingencies were chosen to be 20 percent, and engineering, construction management, and

administration were chosen to be 35 percent. A cost range was developed for either of the

reservoir altematives by subtracting 10 percent from the estimated capital cost for the low end

cost and adding 15 percent to the estimated capital cost for the high end.
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SITES/COLUSA RESERVOIR PROJECT

PRELIMINARY COST FINDINGS

Estimated costs of constructing Small Sites, Large Sites, and the Colusa Reservoir Projects and

supporting facilities have been updated to an October 1996 basis as described above. Table 3

provides a summary of the estimated cost.

The total estimated capital cost of Small Sites Reservoir is $566 million with a resulting

cal~lated range of cost between $509 and $651 million. The total estimated capital cost for th~

Large Sites Reservoir is $784 million with a calculated cost range of $706 to $902 million. The

~ Colusa Reservoir Project has a total estimated construction cost of $1,330 million and a

calculated cost range of $1,200 to $1,530 million.
!

ENVIRONMENTAL CONSIDERATIONS

This portion of the. report provides a summary of.environmental considerations related to the

proposed Sites/Colusa Reservoir Project. Wildlife, fish, plant, and cultural resources that eould

~’r be affected by the proposed project have been identified and the extent of the possible impact
~ ¯ these resources described. For the most part, the information presented in this section was

.... gathered from existing literature, with limited original research. No field work was conducted

~- . for this analysis.

WILDLIFE                                                                           ~.

The Colusa Reservoir Project could inundate 29,600 acres of terrestrial wildlife habitat and

25 miles of intermittent stream habitat. The Sites Reservoir alternative would inundate from

12,300 to 14,700 acres depending on the configuration. The most significant loss of wildlife

habitat would be 700 acres of oak-woodland, which is considered breeding habitat for many

species of reptiles, amphibians, birds, and mammals.
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SITES/COLUSA RESERVOIR PROJECT

Fish, Amphibians, Reptiles, and Invertebrates

The small streams that run through the Sites/Colusa Reservoir Project area provide habitat for a

number of fish species that are classified as nongame. Representative native species include

Sacramento sucker, hitch, Sacramento squawfish, and Sacramento blackfish. The area may also

support green sunfish, an introduced game fish. Salt Lake, located in Antelope Valley, has no

fish, but supports abundant insect fauna.

General Wildlife

The proposed reservoir complex area supports a moderately diverse faunal assemblage.

Mammals which may be found in the area include opossum, shrew, bats, black bear, raccoon,

ring-tailed eat, weasel, badger, skunk, coyote, gray fox, squirrels, gophers, mice, rabbit, and

I black-tailed deer.

The deer population is average for the area and supports considerable hunting by landowners.

The open grasslands and areas along the intermittent drainage provide limited yearling and

winter deer use. Deer migration corridors are not expected to be impacted by the proposed "-~"-

reservoir, and impacts are projected to be minimal.

, Numerous bird species can be found using the Antelope Valley portion of the proposed reservo~

site, especially during spring and fall migrations. Salt Lake also provides habitat for numerous

bird species, including curlews and sandpipers. Kiiideer can be found nesting in open fields.
"̄ Some of the common perching birds found nesting in the area include meadowlark, blackbird,

I jay, flycatcher, swallow, crow, starling, and mockingbird. Birds nesting in the oak woodlands

include golden eagles, hawks, and owls. Game birds found in the area include quail, pheasant,

dove, and pigeon.
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SITES/COLUSA RESERVOIR PROJECT

Sensitive and Listed Fish and Wildlife Species

No State or federally listed fish species are known to exist within the Sites/Colusa Reservoir

Project area.

Although no sensitive species of reptiles or amphibians have been recorded in the project area;~

could be possible to find species such as the northern red-legged frog, foothill yellow-legged

frog, western spadefoot, and western pond turtle..~tkt_hese species are listed by the California

Department of Fish and Game as "species of special concern."

The Valley elderberry longhorn beetle, a federally listed threatened species, has the potential

occur at the reservoir site. Limited numbers of elderberry plants occur sporadically along the

areas intermittent streams. While this area is considered a transitionzone between the eaermtY~.~

listed valley subspecies and the non-listed coastal subspecies, it is possible that the valley

subspecies could occur at this site.

Vernal pool habitats, if present, have the potential to support federally listed fairy and tadpole

shrimp.

Several sensitive and.State or federally listed bird species that have the potential to occur withi~_~_~

the project area include golden eagle, burrowing owl, and trieolored blackbird. The Swainson:s

hawk, a State-listed threatened species, could use the open grassland or cropland habitats within

the project area for nesting and foraging, it is also possible that the area may receive sporadic

use by wintering bald eagles.

Wintering greater sandhill cranes, State-listed threatened, is a common winter migrant to the

eastern Sacramento Valley. While the crane does not nest in the project area, it could use the

open grasslands for foraging.
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SITES/COLUSA RESERVOIR PROJECT

The San Joaquin pocket mouse, a species of special concern, is known to occur within or

adjacent to the project area.

i VEGETATION

Vegetation at the SitedColusa Reservoir Project consists primarily of grasslands (23,065 acres).~!~:.~:~.:~

comprised of wild oat, brome grass, and fescues. About 10 percent of the land is planted in ~?~     ~,

I barley (1,300 acres of agriculture). Som~valley needlegrass grassland communities may be

found in the area. The woodlands (1,345 acres) are comprised mostly of blue oaks and can be

¯ found throughout the area, particularly in the western upland areas. Riparian vegetation (220

acres) occurs along Antelope, Stone Corral, Funks, and Grapevine Creeks; however, these

have been severely degraded as a result of overgrazing and extensive.cultivation to the stream

edges. The majority of the riparian vegetation found in this area consists of sycamore, willow,~,~

i Aquatic plant species drainage areas bulrush, cattail, rush,andcottonwood. found include

and smartweed. Approximately 120 acres of disturbed area exists within the reservoir area.

Sensitive and Listed Plant Species

To date, no listed plant species have been recorded in the proposed Sites/Colusa Reservoir

Project area.

Candidate species for federal listing that may occur in the project area include tropidoearpum,

San Joaquin saltbush, diamond-petaled California poppy, and adobe lily. In the case of the adobe

lily, large amounts of potential habitat for this plant exists throughout the project site,

particularly north of the community of Sites.
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SITES/COLUSA RESERVOIR PROJECT

Two plants, brittlescale and dimorphic snapdragon, considered by the California Native Plant

Society to be either rare, threatened, or endangered in California and elsewhere, may occur

within the Sites/Colusa Reservoir Project area.

Because of the presence of a large alkaline and vernal wetland at the northern end of the project

site, Salt Lake, a number of other sensitive plant species, such as Ferris’ milkveteh, heartseale;

Hoover’s spurge, palmate bird’s-beak, Heckard’s peppergrass, slender orcutt grass, Greene’s i!.~!

tuctog~.and Colusa grass, may be found in the project area. Several of these species are either !i~ii

listed or candidates for listing.

WETLANDS

The percentage of wetland acreage within the proposed reservoir site is relatively small:. A

acre saline vernal lake, Salt Lake, occurs within the area. Vernal pools, which are distinct t~om

the vernal lake, are uncommon in the area.

The proposed reservoir complex would inundate portions of seven intermittent streams.

¯ Approximately four miles’of Grapevine Creek, eight miles of Funks Creek, six miles of Antelo~e

Creek, and three miles of Stone Corral Creek would be eliminated in the Sites portion oft.he

reservoir complex. In addition, portions of Htmters, Logan, and Willow Creeks would be

eliminated with the Colusa Reservoir area.

Within the Coiusa Reservoir area, there are approximately. 36 miles of intermittent creek, four

miles of shrub-scrub wetland, one mile of forested wetland, 17 milesof temporarily flooded

wetland, three miles of saturated wetland, nine miles of seasonally flooded wetland, and 39 ac’~s’-~’~~!~:~÷

of ponds.
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SITES/COLUSA RESERVOIR PROJECT

CULTURAL RESOURCES

A recent search of the Historic Resources Information System located at Rohnert Park,

California, revealed one listing that indicated homesteading and ranching took place in the

project area during the historic period. Other sources indicate that there are 18 prehistoric sites

and 13 historic sites in the area. Of these 31 sites, five are significant, and at least two others ~ ~,,~.~

have the potential to be significant, but require additional study. The project site also contains

three s nificant ethno c sites.

A
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Table 1
SUMMARY OF PHYSICAL CHARACTERISTICS

SITES/COLUSA RESERVOIR PROJECT

Small Large
Sites Sites Colusa

Storage
Gross (acre-feet) 1,200,000 1,900,000 3,000,000
Maximum Water Surface Area (acres) 12,300 14,700 28,500

Reservoir Water Surface Elevations
Maximum Operating (feet MSL) 480 532 520: .;.~
Minimum Operating (feet MSL) 320 320 530 ......"

Dam Crest Elevation (feet MSL) 490 541 529

Dam Height
Sites (feet) 243 294 280
Golden Gate (feet) 251 302 290
Hunters (feet) ...... 270
Logan (feet) ...... 260
Saddle Dams

Number 5 12 I 1
Height Range (feet) 10 to 80 27 to 112 35 to I40

Pumping-Generating Plants
-Static Lift from Tehama-Colusa Canal

Maximum (feet) 280 332 310
Minimum (feet) 155 115 110

Capacity
Maximum (efs) 5,000 5,000 5,000

Spillway Capacity (cfs) 250 250 2,500

Outlet Works Capacity (cfs) 15,200 22,000 40,400

Logan Creek Capacity (cfs) .... 5,000

Logan Canal Length (mile) ..... 1.7
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Table 2a
ESTIMATED COSTS

SMALL SITES RESERVOIR (1.2 MAF ALTERNATIVE)

USRR INDEX USBR INDEX UNIT COST UNIT COST TOTAL COST COST
DESCRII~TION QUANTITY UN1T~ OCT. ~3 OCT. 96 OCT. 63 OCT. 96 OCT. 96 REFERENCE

SITES RESERVOIR, DAMS, AND DIKES

L RIGI~T:~.OF-WAY
R¢~rvoir (Includ~s Buffer Ar~ Factor of 1.32) 16,240 AC $1,500 $24,360,000 5
Sit~s - Cottonwood Elwrts #2 Loop JOB LS $13 276 $13,276 1, sheet 27
SUBTOTAL RIL~I’~-OF-WAY

IL RELOCATION OF F_~Xi~’I’J_NG PROPER’I~
$¢condar), Road P, elocatinn JOB LS $13,254,000 $13,254,000 1, sheet 3
12 kV Electric] Line JOB LS $43g,000 $438,000 I, sh~©t 3
SUBTOTAL RELOCATION OF EXISTING PROPEI~TY i::!iii::ii::!ii::~ [ 3~ ~ ~ ~i::

IIL CLEARING RESERVOIR
P~servoir elearin[ 700 AC $1,097 $768,033

IV. ACCESS ROADS i ~"
Acc=ss Roads JOB LS $2,539,000 $2,539,000 4

Diver~on and oar= of’rlv~ and unwetvrin~ round,tiara JOB LS 43 207 $50,000 $240,698 $240,69g 2, sheet 3
Excavation all ~la~s, ¢(lualizin~ ehann¢l 183,000 CY $3.58 $655.140 I, sheet 4
Ex~v,,tlon all clasps, for foundation~ 419,500 CY $3.23 $1,354,985 3, itvm I-d
F,x~av~tion, ro~k for ~’out ~,,p 2,000 CY $7.15 $14,300 1, sh~t 3
Excavation, ~rippin$, borrow pits 340,000 CY ~" $1.15 $391,000 3, itvm I-~
Exc~vetion, vommon, in borrow are,, and 5,320,000 CY ...... $3.22 $17,130,400 3, itvm

tran~tstion to dam ~r~m~t -~
E~cavation, rock and ro~kf’m¢$ in borrow ar~a and 1,~84,000 CY $7.15 $10,610,600 1, sheet 3

Plecin~ ea~fill in ~nbankment 4,859,9~0 CY $0.95 $4,616,905 3, itvm I-f
Placin[ rock and rockfin~ in embankment 2,024,000 CY $0.75 $1,518,000 3, item I-h
Furnish and pl~ ~and and ~’~vd filtvr 27,100 CY ¯ $8.54 $231,434 3, itvms I-i, I-)
Furnish and pl~ riprap 54,000 CY $31.64 $1.708,560 3, itzrn I-n
Furnish and place bvddin~ for riprap 2g,000 CY $I 1.79 $330,120 3, itvrn I-m
Furnish 8-inch diam~t~" ~w~ ~i[~ and 2,350 LF 49 196 $5.00 $20.00 $47 000 2, sheet 3

Grav©l su~’acin~ on dam ~’~s~ 1,~50 TON $11.~ ~o~2 1, sh~t
S~r~nl 4~,~40 SY 42 17~ $0.0~ $0.1~ $5,4411 2, sh~t 4
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Table 2a                                                              g
° ESTIMATED COSTS ca

SMALL SITES RESERVOIR (1.2 MAF ALTERNATIVE)

I

USBR I~/DEX USBR INDEX UNIT COST UNIT COST TOTAL COST COST
DESCRIPTION QUAntITY UNIT" OCT. ~ OCT. 96 O~£. 63 OCT. 96 OCT. 96 REFERENCE

Water for ~eedin[;. 1,000 MGAL 42 176 $2.50 $10.48 $10’. 476 2, sheet 4 ....
Drilling grout ho[ea 0 to 30 feet 18,180 LF $18.70 $339,966 3, itun I-q
Drillin~ ~zo..t holes 30 to 60 feet 9,090 LF $18.70 $169,983 3, item I-q
Drilling grout h01ea 60 to 1 I0 feet 5,760 LF $18.70 $107,712 3; item I-qDrilling grout holes I10 to 160 feet 1,720 LF " $18.70 $32,164 3, item I-q
Co,onto in ~i-o~t cape .... 2,000 CY 42 176 .... $35.00 $146.67 $293,333 2, sheet 4
Furnish an~ instil ~,,t pipe and fittings 17,400 LB ’ 42 176 $0’.’95 $3.98 $69,269 2, sheet 4
H~kups to ~t-out holes 610 EA 42 176 $10.00 $41.90 $25,562 2, sheet 4
Procure ~vu;.;a[ 52,130 SKS 42 176 $’2.50 $10.48 $546,124 2, sheet 4Cement 16,090 BBL 42 176 $5.00 $20.95 ’ $337,124 2, sheet 4SUBTOTAL DAMS ,.,

[i!iiiiii~.~;~;! .,
V~.’SP~WAY "’ ’ ..... ~"~
Excavation, open out, all olass~.... 8,557 CY "’ $4.03 $3.4,485 3, av[ items l[-a, llba
Backfill 1,2.00 CY $8.17 $9,804 3, item III-f

300 CY $13.51 $4. ,053 l.,..sheet 5
Str~,~tm~d ConorCte in floors and or~g 485 CY $365.24 .... $177,141 3, ’av[ items II-h,III-o,III-d
Structural Conor~ in walls 479 CY $365.24 $174,950 I. 3, av~ items II-h,III-o,IlI-.d
Dri![ia8 and 8routing anohor~ 2,260 LF ..... $16.86 $38,104 1, sheet 5
F&I 4" dis. S.P. drai~ 180 LF ’ $16.86 $3,035 1, sheet 5
Riprap 200 CY $31.64 $6,328 3, item I-n I8eddin� for rii,r,~ ... 100 C’~’ ,, $11.79 fi’,179 3, item I-~
F&I 6" dis. S.P. drains 700 LF $16.86 $11 802 1, sheet 5
10% Minor iter~ JOB LS ..... . $46,088 ’ "
Subtotal Spillway (1.9 MAF ALT) .... ~-’~ $506,969

Faotor ~ost by ratio of max. water depths (244.3/295.8)= 0.826 ’ ’

v~. OUTLV.T W. ORKS
Exoavation all classes tailraoe 36,000 CY $7.40 $266 400 1, sheet 6
Exoavstion, open out ’ 6,000 Cg "’ $3.38 $20,280 3, item II-a
Ex0~ avatioa, tunnel 9,700 CY $128.27 $1,244,219 3, item VI-s
Excavation, ~ato-chamber sad shaft 6,300 CY $146.59 $923,517 3, item lI-o
!Drilling grout holes , 13,400 L~’ ., $18.70 $250,580 3, item I-q
~F&I 8rout pipe sad fittings 6,700 I~" $4.59 $30 :/53 1, sheet 6
iHookapa to grout holes 446- EA $91.73 $40,912, 1, sheet 6!p=,.~ ¢~t~e "’ 13,400 sks $91.73 $1,2~9,1s2 ~, sh~ 6
,~onu~--te in tunnel linin~ 7,240 C~ $320.68 $2,321,723 3~ item VI-t
Struotural Coac¢~ in intake 3,950 CY $339.50 $1,341,025 3, item VI-k
~truotura[ ~.e in |~ate chzmbor and ah~ .. 3,110 CY $339.50 $1,055,845 3, item VI-k
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Table 2a
¯              ESTIMATED COSTS

SMALL SITES RESERVOIR (1.2 MAF ALTERNATIVE)

USBR INDEX USBR INDEX UNIT COST UNIT COST TOTAL COST’ COST
DESCRIPTION QUAN’rITY UNIT" OCT. 63 OCT. 96 OCT. 63 OCT. 96 OCT. 96 REFERENCE

Structural Concrete in ~tilllnwo ba.~ll 3,850 CY $339.50 $1,307,075 3, item VI-kStructural Conorcte in anchor block~ 3,000 CY $256.15 $768,450 3, item VII-d ’Metal oontrol h0use JOB LS $9,173 $9,173 ’ l, sheet6Specially c~-,~:.~t_;A_ bseJ~fill " 800 CY $15.61 $12,488 1, sheet 6F&I llxll f’med wheel ~atcs 116,000 LB $5.55 $643,800 I, sheet 62-42" H.J. valves and ~.~tt~ls 3~o~ LB ’ ’ ... $6.28 $202,354 l, sheet 62 guard ~ate~ for 42" I-~J. valves" 32,000 LB ’ ~.. $6.92 $221 ~40 1, sheet 64-6.5’x8.0’ I-LP. ~[atcs 564 000 LB .... $4.59 $2,588,760 1, sheet 6!.44" di~ pen_~7~k & m~n~fold for H.P ~ate~.. 2,000,000 LB $1.65 $3,300,000 3, item VII-�F&I tunnel sapport~ 288,000 LB $3.66 $1,054,080 3, item II-eTrashrack metalwork 74,000 LB ’ " $3.63 $268,620 3, item VI-qF&I tower bulkhead 100,000 LB $3,02 $302,000 3, it~n VI-nTunnel wnt ~stem JOB LS $129,555 $129,555 1, sheet 6Other ~ metalwork 3,000 LB $3.63 $10,890 3, item VI-iiRockbolt~ 27,900 LF $64.14 $1,789,506 3, item VI-~Chain link fabric 23,000 SF $12.88 $296,240 1, sheet 610% lvlinor items JOB LS $2,162,887 ~SUBTOTAL OUTLET WORK~ ’
Upsize Outlet Work~ for Emergency Ev~uation S7.3,791,754

Increase Outlet Work~ Capacity from 2,100cfs..to 15,200ofs

,.VIIL SITES PUMPING - GENERATING PLANT ~ated at Golden Got, Dam)
(Q-$,000cf~, TDH,*290, efl~7~%, 219,3S0 HP)
.Structure, Equ[[~me-~ and Ele~trioal, Complete               JOB      LS                                                   $212,330,000           4

IX. SITF~S PUbiPING/GENERATING PLA~..b-’~VITCHYARD
~’tation Equipment, Ele~trical
~ran~former, 3 PhOto 65 MVA,.23016.9 kv 1 EA $1,028,350 $1,028,350 1, sheet 26230-kv Line Bey, 10,000 MVA 3 EA ’ $650,325 $1,950,975 1, sheet 26230-kv Bud-Tie Bay, 10,000 MVA 1 EA $573,089 $573,089 1, sheet 26Coupling Capacitor, (w/potontial d~vi~e) $ ] EA $12,01~’ $60,245 I, sheet 26Carrier equi[m~nt 2 EA " $30,894 $61,788 1, sheet 26T¢lem~trln$ and ~up~Tchory oontrol JOB LS $183,722 $183,722 1, sheet 26SUBTOTAL sWIICHYARD ~ .

Inere~e eap~ity from 2,100c.fs to 5,000@fs $3,858,169

Co~ Factox - (5,000/2100)6/1.0 ~ 1.683 1.683 "
OUTLET WORKS COST
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Table 2a
° ESTIMATED COSTS
SMALL SITES RESERVOIR (1.2 MAF ALTERNATIVE)

USBR INDEX USBR INDEX UNIT COST U~’~IT COST TOTAL COST COST

DESCRIPTION QUAI~frTY UNIT" OCT. 63 OCT. 96 OCT. 63 (~’T. 96 OCT. 96 REFERENCE

X. SITES-COTTONWOOD ELVERTA #2 LOOP
C!eari~, ~ Land 3OB LS ........

II’ I ~,84~ $3,841 1, sheet 27 ....

Towers and Fixtures JOB LS $405,911 $405,9i I 1, sheet 27
Conductor~ and Devioez JOB LS .... $215,41,6 $215,416 I I I 1, sheet 27 _

~s~ co~s~u~r~o~ cos~ $41~,ooo,ooo

ESTIMATED CAPITAL CO~T RANGE ,,
LOW (-10%) ............... $~,09,000,000 .......... ~.
HIgH (+1~%) ~51,000,o,o0

C0$’~"ESTIMATE DOES NOT INCLUDE EI, ILARGIN~ I~rNKS

F~tnete:

1. U.S. Bureau of R~lamation,,4pprrdardDestgn Criteria and Co~t F, stimote Appendix, Fez! 8acrmne~o Canal Unt~; 8acra~erdo Ri~r Di~iz~o~ CFP, Septemb~ 1980.
2. U.S. Bureau of Reclamation, Recotmatzzance Deztgn Criteria and Cost Exttmote .dppendix, Wezt Sacramento Canal Unt~ $~ar~r~o River Division, CVP, ~n~ 1964.
3. California Department of Water Re~m~ee, Loz Banas C-rma~a Fnciltliea Re~or~ Appendix A: D~:~ra and Co.~t Eatim~es, Dco~mzber 1990.
4. Coat develol~i by Bookma~-Edmonaton
5. U,S. Bureau of R~lamatlc~ Land Remuroez Bran~z. Graham MoMuIluz, Fe, lxuttV 1997.
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Table 2b
° ESTIMATED COSTS

LARGE SITES RESERVOIR (1.9 MAF ALTERNATIVE)

USBR INDEX USBR INDEX UNIT COST UNIT COST TOTAL COST COST
DESCRIPTION QUANTITY UNIT* JAN. 80 OCT. 96 JAN. 80 OCT. 96 OCT. 96 REFERENCE

SITES RESERVOIR, DAMS, AND DIKES

I. RIGHTS-OF-WAY
Sites-Cottonwood Elverta #2 Loo’p ’ JOB LS 12’7 217 $7,770 $I3,276 $13,276 ... I, sheet 27
i’Reservoir (Includes Buffer .Area Factor of 1.32) 19,400 AC $1,500 $29,100,000 4
SUBTOTAL RIGHTS-OF-WAY ii ::

]i. t~ELOCATION OF EXISTING PROPERTY
,Seco..n.dary Road Relocation..                "             14MI’ 137 237 $653,850 $1,131,113 $15,835,5..7,9          1, sheet 3
12 kV Electrical Line JOB LS I~9 234 $288,460 $523,253 $523,253 1, sheet 3
SUBTOTAL RELOCATION OF EXISTING PI~OPERTY

Ill. CLEARING RESERVOIR
Rese~oir clearing 700 i.. AC " $1,097 $768,0’33 2, item IV-a ~.
SUBTOTAL CLEARING Rr~ERVOIR !iiiili!ii!i i!!iiii!iii!i!

iv.  :cc ss RO S : ......
Access roads 5.7 MI 137 23~’ " $307,690 $532,281 $3,034,003 I, sheet 3

ISUBTOTAL ACCESS ROADS " ii!iiii!iii!i!!il

V. G._OLDEN GATE DAM - Earfl~ and Rpckl’dl Structure; Crest Elevation 541.3
Exca._vatlon, all classes for foundation 468,000 C’~ ...... $3.23 $1,511,640 2, item ~-d
Stripping borrow pits

¯
.319,000 CY ..... $1.15 $366,850 2, item..I-c

Excavation, impervious and.hauling to dam(b~row) 3,185,000 ..    CY $3.22 ..$10,255,700 2, item I-e
Excavation, rockfines and hauling to dam (borrow) 1,227,500 CY 123 176 $5.00 $7.15 $8,782,114 1, sheet 3
Exc.a_vation, rock and hanlin$ to dam (borrow) 2,799,000 CY 123 176 $5.00 $7.i 5 $20,025,366 I, sheet 3
Plac_~g impervious 2,722,000 CY $0.95 $2,585,900 2, item I-f
Placi~ng rock.fines . 1,5M;400 CY $0.75 $1,150,800 2, item I-h
Placi~ng rock 3,998,800 CY $0.75 $2,999,100 2, item I-h
F&P sand fil~.r and gravel d.rain 145,300 CY .... - $8.54 $1,240,862 2, items I-i & I-j
Grout._.ing foundation , JOB LS 123 176 $418,000 $598,114 $598,114 1, sheet 4
Drains ’ ’ 2,790 ’ LF 123 176 $7.75 $11.09 $30,940 1, sheet 4
Gravel on crest 2,066 .... CY 123 176 $7.75 ~:~ $11.09 $22,911 1, sheet 4 ......
10% minor items JOB LS .. $4,957,030
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Table 2b
ESTIMATED COSTS

LARGE SITES RESERVOIR (1.9 MAP ALTERNATIVE)

USBRINDEX USBR INDEX UNIT COST UNIT COST TOTAL COST COST
DESCRIPTION QUANTITY UNYI~ JAN. 80 OCT. 96 JAN. 80 OCT. 96 OCT. 96 REFERENCE

Vi’. SITES DAM- Earthfill and R0¢l~dl S.’tructu~; Cr~st Elevation 541.5
Diversion and care of river ....... JOB LS 125 207 $144,000 $238,464 $238,464 "1, sheet 4
Excavation for equalizing channel and fill in coffer dam’s 183,000 CY 123 176 $2.50 $3.58 " $654,634 l, sheet 4".’.’
Excavation, a.ll c.lasses for foundation 209,300 CY $3.23 $676,039 2, item [-d
IStrip~.ing borrow pits 167,000 CY $1.15 $’i92,050 2, i~em
Excavation, Impervious and hauhng to dam (borrow) 1;666,000 CY $3.22 $5,364,520 2, item I-e
IExcavation, rockfines and hauling to dam’ib~rroW) ’ 470,100 ’CY .. 123 ....... 176 $5.00 $7.15 . $3,363,31.7 1, sheet 4
Excavation, rock and hauling to dam (borrow) 1,133,600 CY 123,. . 176 . . $5.00 $7.15 .$8,110,309 1, sheet 4
P!.aci.ng imp~.rvious ... 1,424,000 CY $0.95 $1,352,800 2, item I-f
Placing rockfines 587,600 CY $0.75 $440,700 2, item I-h
Placing rock .... 1,6!9,4,00 . CY ’" $0.75 $1,214,550 ’ 2, !tern |-h
F&P sand fil.ters’and g~vel dr~i."ns " 128,600 CY $8,54 $1,09g,2~4 1, items I-i &
Grou.~ng foundation ’ JOB ..... LS ...... 123 176 ’ $’.’i66,000 $237.~52~ $237,528 1, sheet 4 I~.

Drains 2,350 LF 123 176 $12.75 $18.24 $42,873 1, sheet 4,
Gravel on crest 730 CY 123 176 $9.00 $12.88 $9,401 1, sheet 4
10% Minor items JOB" LS ........ $2,299,543 1, sheet 4

VII. DIKES
ExcaVation, all classes for foundation 539,000 C~ $3.23I $1,740,970 ’ 2, item. I-d
ExcaVation, impervious and h~. uling to dam (bo .rrow) 4,115,500 CY $3.22 $13,251,910 2, item I-e
Excavation, sand, gravel and hauling to dam (borrow) 970,000 CY 123 176 $6.651 $9.52 $9,229,994 1, sheet 5
Excavation, rock and hauling ~o dam (borrow) 1,671,000 CY 123 . 176 $6.65 $9.52 $15,900,312 ...... l, sheet 5
Plac!ng~rapervious 3,517,500 CY ... $0.95 $3,341,625 . 2, item I-f
Placing rockfin.es .... 1,212,500 CY $0.75 $909,3~5 2, item I-h
Placi_ng~ck ... 2,397,500 CY . ~’~ $0.7~ $1,790,625 2, item I2h
F&P rlpnp . 169,700 C’x’ ~,"’ $31.64 ... $5,369,308 2, item I-n
:&P filter blanket .. 504,10~. CY . .

s..-. $8.54 $4,305,014 2, item
F&P~e]ding for ripra~. 84,900 ~Y" ’ ’ $11.79 $1,000,971 2, item
Gr0u_fing foundation ...... JOB LS 123 176 $568,000 ....$8i2,748 $812,748 l, sheet 5
!0We Minor items JOB LS " ’ $5,765,284

~IIL SPILLWAY
Excavation, open out, all Cla~ses 8,557 ~¥ .... $4.03 " ~ $34,485 2, avg i’tems If-a, III-a
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Table 2b
ESTIMATED COSTS

LARGE SITES RESERVOIR (1.9 MAF ALTERNATIVE)

USBRINDEX USBR INDEX UNIT COST UNIT COST TOTAL COST COST

DESCRIPTION QUANTITY UNIT~ JAN. 80 OCT. 96 JAN. 80 OCT, 96 OCT. 96 REFERENCE

Backfill 1,200 CY $8.17 $9,804 2, item Ill-f

!Special compacted backfill 300 CY 128 186 $9,30 $13.51 $4,054 1, sheet 5

Structural Concrete in floors and crest 485 C¥ $365.24 $177,141 2, avg items II-h, III-c, III-d

Structural Concrete in walls 479 CY $365.24 $174,950 2, avg items If-h, III-c, III-d

Drilling and grouting anchors 2,260 LF 128 186 $11.60 $16.86 $38,095 I, sheet 5

F&I 4" din. S.P. drains 180 LF , 128 186 $11.60 $16.86 $3,034 1, sheet 5

Riprap 200 CY $31.64 $6,328 2, item I-n

Bedding for dprap 100 CY $11.79 $1,179 2, item I-m

F&I 6" din. S.P. drains 700 LF 128 186 $11.60 $16.86 $11,799 1, sheet 5

10% Minor items JOB LS $46,087

SUBTOTAL SPILLWAY :.iii!i::iiiiiii:.i:iiiii::ii~;.~.~i~Ti~i ~

IX. OUTLET WORKS
Excavation all classes tailrace 36,000 CY 128 206 $4.60 $7.40 $266,513 1, sheet 6 I~

Excayation, open cut 6,000 CY "" $3.38 $20,280 2, item II-a ~
Excayat.ion, tunnel 9,700 CY $128.27 $1,244,219 2, item VI-s

Excavation gate chamber and shaft 6,300 CY $146.59 $923,517 2, item II-c ~

Drilling grout holes 13,400 LF
206

$18.70 $250,580 2, item I-q ~
F&I~rout pipe and fittings 6,700 LB 12g $2.85 $4.59 $30,731 1, sheet 6

I
Hook.ups to grout holes 446 EA 12g 206 $57.00 $91.73 $40,914 l, sheet 6

Pressure grouting 13,400 Sack 128 206 $57.00 $91.73 $1,229,241 I, sheet 6 ~l

Concrete in tunnel lining 7,240 CY $320.68 $2,321,723 2, item VI-t ,
Stro~tursl Concrete in i~take 3,950 CY $339.50 $1,341,025 2, item VI-k

Structural Concrete in gate chamber and shaft 3,110 CY $339.50 $1,055,845 2, item VI-k

Stns~ural Concrete in stilling basin 3,850 CY $339.50 $1,307,075 2, item VI-k

Strac’~ural Concrete in anchor blocks 3,000 CY $256.15 $768,450 2, item Vll-d

Mete[ control house JOB LS 128 206 $5,700 $9,173 $9,173 1, sheet 6

S p ec’ially compacted backfill g00 CY 128 206 $9.70 $15.61 $12,489 1, s beet 6

F&I 1 lxl 1 fixed wheel gates 116,O00 LB 128 206 $3.45 $5.55 $644,072 I, sheet 6

2-42~ H.J. valves and controls 3~? LB 128 206 $3.90 $6.2g $202,243 1, sheet 6

2 g~--.ar~ates for 42" H.J. valves 32,000 LB 128 206 $4,30 $6.92 $221,450 I, sheet 6

4-6.5b~8.0’ H.P. ~ates 564,000 LB 128 206 $2.85 $4.59 $2,586,909 1, sheet 6

144"_din. penstock & manifold for H.P. gates 2,000,000 LB $1.65 $3,300,000 2, item VII-c

~&l tunnel supports 288,000 LB $3.66 $1,054,080 2, item II-e

Tras~ra¢k metalwork "/4,000 LB $3.63 $268,620 2, item VI-q

F&I tower bulkhead 100,000 LB $3.02 , $302,000 2, item VI-n
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Table 2b
ESTIMATED COSTS

LARGE SITES RESERVOIR (1.9 MAF ALTERNATIVE)

USBRINDEX USBR INDEX UNIT COST UNIT COST TOTAL COST COST
DESCRIPTION QUANTITY UNIT" JAN. 80 OCT. 96 JAN, 80 OCT. 96 OCT. 96 REFERENCE

"run~el vent systero ....., JOB ’ ’ LS " 128 206 $80,,500 $129,555 ’ $129,555 " 1, shee’t 6
Other misc. metalwork 3,000 LB .. $3.63 $10,890 2, item VI-ii
Rockbolts .... 27,900.. LF $64.14 $1,789,50~ ....2, !~em VI-yChain link fabric 23,000 SF 128 "’ 206 $8.00 $12.88 $296,125 1, sheet 6
10% Min~r items JOB LS .... $2,162,72~ ......
SUBTOTAL OUTLET WORKS .... $23,7~9,947 ’

Upsize 0utlet"Works for’.Emergency Evacuation "’ ’
Increase. Outlet We(ks capacity frooro 2,100cfs to 22,.000cfs "

Cost Factor = (22,000/21.00)~ = 2.413 2.413

X. siTEs PUMPINd- GE.NERATI.’.NG PLANT (Located at G~..lden Gate Dare) ........ ’ .............
(Q~..~.,000cfs, TDH=342, eff=75. %, 258,680 HP) .. "’ I~.Struc.tures, F_,quipro%nt and Electrical, Complete               JOB      LS                                         i ~            $234,750,00’0’            3 .....

Stafio.n Equipro*..nt, Electrical ........
Transformer, 3 Phase, 65 .M..VA~ 230/6.9 kv 1 EA 123 190 $665,721 $1,028,350’ $1,028,356 1, shee~26
230.kv Line Bay, 10,000 MVA .... ’"’

. . ’3 EA 123 190 $421,000 $6~),325 $1,950,976 1, sh~e~ 26
230-kv Bus-Tie.Bay, 10,000 MVA ,.. 1 EA 123 190 ..$371,000 $573,099 $5.73,0~9 1, sheet 26
Coup)in Capacitor, (w/ otenfial device-, ~ .... p         ) ..... 5 EA 123 190 $7,800 $12,049 $60,244 1,.sheet 26
Car~.’3r equiproent 2 EA’ 123 .... 190 $20,000 $30 894 $61,789 1: sheet 26
Tele_meteri.ng and supervis.~, ry control JOB LS 123 190 $118,936 $i83,722 $183,722 1, sheet 26
SUBTOTAL SWITCHYARD ’ $3,858,169 "

Increase capacity f~oro 2,100vfs to 5,000.c. fs .......
Cost Fa,tor = (5,0~.0/2100)6/10 = 1.683 1.683

~.~’~ ]

"’
OUTLET WORKS COST "’ ’ ’ .......................~’~

xIi. SITI~COTrONWOOD ELVERTA #2 LOOP .....
Cleating Land "’ JOB LS 126 " 217 $2,23]) $3,$41 $3,841 1, sheet 27
rowers and Fix’~res JOB LS 126 "’ 217 $235,690 .....$4.05,911 $405,911 1, sheet 27
Cond-uc-to~ and’Devices ...... JOB LS 126; 217 $125,0g0 $215,416 $215,416 1, sheet 27 _ .
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Table 2b
° ESTIMATED COSTS

LARGE SITES RESERVOIR (1.9 MAF ALTERNATIVE)

USBR INDEX USBR INDEX UNIT COST UNIT COST TOTAL COST COST

DESCRIPTION QUANTITY UNI~ JAN. 80 OCT. 96 JAN. 80 OCT. 96 OCT. 96 REFERENCE

SUBTOTAL ..... $484,000,000 "’

~ONTINOENCIES (~ 20%

$96,800,000’

ESTIMATED CONSTRUCTION COST $581,000,000
ENGR, LEGAL, AND ADMIN ~ 35%" ’ ,, $203,000,000
ESTIMATED CAPITAL COST :~ ..........?...:~?.:..~::::::: " ":": ~~ :: .........:::

ESTIMATED CAPITAL COST RANGE .......
¯ "LOW (qo~) ........ $~06,000,000

HIGH (+ 15%) .... , ............. $902,0’00,000. .......

I ,COST ESTIMATE DOES NOT INCLUDE FUNKS,D~ ENLARGEMENT.,,            ’

Footnote:
~LS=lump sum; AC~acro; Ml=mile; CY=~ubio yard; LF=linoar foot; LB=pound; SF=squam foot; EA=osch

Cost Reference~:
I. U.S. Bureau of Reclamation, !lppmtsal Destgn Criteria and Cost E~flmate 2~ippendtx, West,Sacramento Canal Unit, ~acramento.~ver D~vision, CVP, September 1980,
2. California Department of Water Resources, Lea Banes Grandes Facilities Report, Appendix.4: Des/gn~ and Coat Estimates, December 1990. I
3. Cost developed by Bookman-Edmonston Engineering.
4. U.S. Bureau of Reclamation, Land Resources Branoh, Graham M~Mullen, February 1997.



Table 2c
ESTIMATED COSTS

COLUSA RESERVOIR (3.3 MAF ALTERNATIVE)

USBR INDEX USBR INDEX UNIT COST UNIT COST TOTAL COST COSTDESCRIPTION QUANTITY UNIT JAN. S0 OCT. 96 JAN. 80 OCT. 96 OCT. 96 REFERENCE

1. RIGHTS-OF-WAY .......
Colusa Reservoir (Invludea Buffer Ar~a ~actor qf 1.32) 39,072 "’ ~C . ’ ’ $1,500 $.58,60S,000 1 "’Lo[lan Canal (1:7 Miles b~, 350 Feet Wide) 72 AC $1,500 $108,000 1 "Lo[lan For~ba~, (Includes Buffer Ar~a Factor o~ 1.32) ’ "68 AC " $1,500 $I 0~,000SUBTOTAL RIGHTS-OF-WAY " ..

IL. RELOCATION OF ~iSxING 1’ROPgg,~g .....
S ~condar.y. Road Relocation.. JOB ..... LS $31,672,000 $31,6"/21000 212 kV Electrical Line JOB LS .........
SUBTOTAL RELOCATION OF EXisTING PROPERTY $I,046,000 $1,046,000 2

~,~.. CLZARING RESZRVOm ,,, .,
P,¢~oir clearing 1,345 AC $1,097 $1,475,721 ’ ’ 3, itvm IV-a

~’. ACdESS Ro~,vS
Access roads JOB LS $6,’068,000 "~6,068,000 2 "’SUBTOTAL ACC .SS

..V... GOLDEN GATE DAM ? Earth sad Rookfill Struotar¢; Croat Elccatinrt 541.3
Total Em_banlanvnt Volume 8,255,200 CY .......
.E..xnavation, all classes for foundation .... 468,000 CY $3.23 $1,511,640 3, itcn~ IdStripping borrow pits " 3i9,000 CY $1.15.E.x. nsvation, impervious and haulin.[ to dam (borrow) 3,195,000 CY $3.22 ~’10,255,700 3, itemE.xesvati.on, rookf’mes sad haulin$ to dam (borrow) 1,227,500 CY 123 176 $5.00 $7.15 .$8,782,114 4, sheet 3Excavation, rook and hanlin¢ to dam (borrow) . 2,599,000 CY 123 176 $5.00 $7.15 $20,025,366 4, sheet 3Placing impervious 2,722,000 CY $0,~5Placing rookfin©s 1,534,400 CY $0.75 $1,150,800 3, item IhPlacin~ rock 3,995,~00 CY $0.’/5 $2,999,100 3, it~.n lhF-,~d~ sand filt~r and ~v*1 d,~, I~5,300 CY .... $8.54 $1,240,862 3, irons~Groutin$ foundation "’ ’ JOB LS 123 176 $418,000 ~598,1 i4 ’ $598,114 4, sheet 4Drains 2,7~0 LF 123 176 $7.75 $11.09 $30,940 4, sheet 4_Gravel on ~�, 2,066 c’Y 123 176 ’ $7.75 $11.09 $22,911 4, sheet 410% minor ittans "" JOB I~S ’
SUBTOTAL GOLDEN GATE DAM $4,957,030
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Table 2c
° ESTIMATED COSTS

COLUSA RESERVOIR (3.3 MAF ALTERNATIVE)

USBR INDEX USBR INDEX UNIT COST UNIT COST TOTAL COST COST
DESCRIPTION QUANTITY UNIT JAH. 80 OCT. 96 JAH. 80 OCT. 96 OCT. 96 REFERENCE

VL SITES DAM - Ea~d~fill and Rockfill St~eture; Crest Elevation 541.3
Total Embankment Volume 3,631,000
Diversion md c~xe of river JOB LS 125 207 $!44,00,,0 $238,464 $2~. 8,464 4, sheet 4
Excavation for oqualizin~ cJ~aon~l and fill in coffer dams 183,000 CY 123 176 $2.50 $3.58 $654,634 4, sheet 4 .
.F~oavatlon, all elates for foundation 209,300 CY $3.23 $676,039 3, item Id
s~pp’.m~ borrow plt~ .... .167,000 C’~ $1.15 $1.92,05..~. 3, it~ Io
E.~. oavation,..’.un~..-n, iou.s and hanlin~ to dam (borrow) 1,666,000 CY ..., ......... $3.22 $5,364,520 3, i~-n Ie
E.xc~ation,.ro~kf’mes.and hanlin~ to dam (borrow) 470,100 CY 123 176 $5.00 $7.15 $3,363,317 4, sheet 4
Excavation rock and h..a.ulin[ to dam (borrow) .. 1,133,600 CY 123 176 $5.00 $7.15 $8,i.10,309 i 4, sheet 4
P.!acin[ impervious 1,424,000 CY $0.95 $1,352,800 3, item If
P_lscin~ rockf’mea 587,600 CY $0.75 $440,70.0 3, item [h
,lacln~ rook 1,619,400 CY $0.75 ., $1,2.~4,550 3, item lh
F~ ~and filton and ~ravel drai~a ,.. 128,600 C~ $8.54

$1,0.98,2 .~’
3, itm~ Ii ~

.~..outin~ foundation JOB LS 123’ 176 $166,060 $237,528 $237,528 4, sheet 4
Drains 2,3,50 LF 123~ 176 $12.75 $18.24 $42,873 4, sheet 4
~’avd on ~re~ .... 730 CY 123 176 $9.00 $12.88 $9,401 4, sheet 4
J~% Minor it~r~ JOB LS $2,299,543 4, sheet 4

~t-II.~IUNTERS DAM - Eatthfill and Rockfill Structure; Crest Elevation 541.3                                                "
T"~ta]Embankment Volum~                        7,52!,700      CY                                                                                       I
iE_-~xcavation, all c[a~ea for foundation 426,417 CY $3.23 $1,377,326 3, it~n Id f’ll
~’~r in[; borrow pit~ 290,656 CY $1.15 $334,254 3, it~m~ Iv
IF.,~awtlon, imt, ervio~, ~ hanlin~ to d~m (bonow) 2,9O.2,003 ~" $3.22 $9,344,4~9 3, item Ie
i~E~ca~vation, rockf’mea and hanlinl[ to darn (borrow) 1,118,433 CY 123 176 $5.00 $7.15 $8,001,796 4, sheet 3
Excavation, ro~k and haulin[g to dam (borrow) 2,550,300 CY 123 1761 $5.00 $7.15 $1g,246,050 4, sheet 3
Pl._ac~$ [ml~viou~ 2,480,142 CY $0.95 $2,356,135 3, it~ra If

~o~ ~o~e~ 1,39~,064 c~" $0.75 $1,0.48,548 3, item ~h
Plac_.~[g rock 3,643,494 CY $0.75 $2,732,621 3, it~’m lh
F~ ~ fit~ [d ~V~[ ~, I 132,390 CY $8.54 $1,130,608 3, items Ii &
~Groutin$ foundation $OB LS 123 176 380,859 $544,7/0 .. $544,970 4, sheet 4
~Dra~. 2,542 LF 123 176 $7.75 $11.09 $28,190 4, sheet 4
Gravel on ~re~t 1,882 CY 123 176 $7.75 $11.09 .$20,875 4, sheet 4
10% minor item~ JOB LS $4,516,582

VIII. LOGAN D.AM - Earthfill and Roekfill SL,-~cture; Cre~ Elevation 541.3
T~tal Embankment Volume 6,534,000 CY .~
F~ea~ ration, all ~la~a for foundation 370,423 ~tr $3.23 $1,196,4~. 5 3, it~n Id
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Table 2c
° ESTIMATED COSTS

COLUSA R~,. SERVOIR (3.3 MAF ALTERNATIVE)

USBR INDEX USBR INDEX UNIT COST UNIT COST TOTAL COST COST
DESCRIPTION QUANTrrY UNIT JAN. 80 OCT. 96 JAN. $0 OCT. 96 OCT. 96 REFERENCE

$~pp’~+ borrow pits 252,489 C¥ $I.I 5 $290,36 .~ 3, iten~ Io
Exoavation, impervious and haulin~ to dam (borrow) 2,520,931 CY $3.22 $8,117,398 3, item le

Excavation, rocldines and ha.ulin~ to dam Coorrow) ,,, 971,568 CY 123 176 $5.00 $7.15 $6,951,053. 4, sheet 3
E..x.cava.tion, rock and haulin~ to dam (borrow) 2,215,412 CY 123 176 $5.00 $7.15 $15,850,099 4, sheet 3
p!.s~in~ irnpexwlo~a .......... 2,154,466 CY $0.95 $2,046,743 3, item If
P!acin[ rockfinee .... 1,214,479 CY $0.75 $910,859’ ! 3, item Ih
P!.acin~.rock 3,165,055 CY ’ $0.75 _$.2.,373,791 3, item lh
F&P .s~n..d fiiter a~d ~,rravel drain ...... 115,005 ... CY $8~54 $982,144 " 3, !terns li &
Gr. out!n~ fo~nda~on .... JOB LS 123 176 330,847 $473,408 $473,408 4, sheet 4
Drains .... 2,208 LF 123 "’ 176 $7.75 $11.09 $24,489 4, sheet 4
Gravel on ereet . 1,635 CY 123 176 .. $7.75 $11.09 $1..8,134 4, shee.t 4 .......
10% minor items JOB LS . . .. $3,923,494

Fotel Embankmant Volume’ 23,561,800’ CY ..... ~"
E~avation, all classes for foundation .... 1,784,308 . CY $3.23 $5,763,314 ~, item Id
E.x. cavatlon, impervious and haulln~ t~’dan~"0)orrow) 13,623,967. CY $3.22 $43,869,175 3, item Ie.
E...xcavation, sand, ~rave.l and haulin~ to dam (borrow) 3,211,092 CY 123 176 $6.65 $9.52 $30,554,974 4, sheet 5
Exca~vation, rock and haulln[ to dam (borrow) .... 5,531,685 .CY . . 123 176 $6.65 $9.52 $52,6~6,456 .4, sheet 5 I
Pl._acin~ impervious . . l 1,644,346 CY $0.95 $11,062,129. 3, itrrn If
pl_acin[; rockfinee 4,013,865 CY $0.75 $3,010,399 3, item lh ......

Pl~.aoi~ rock. 7,903,589 ...... CY $0.75 $5,927,692 3, item lh
F_&P~prap 561,776 CY ... $31.64 $17,774,578 ... 3, item In .
F&P filter blanket 1,668,775 CY $8.54 $14,251,335 3, item Ii

I:_&P beddin~ fo~ riprap 281,053 CY $11.79 $3,313,618 3, item Im
O~’_outin[; foundation JOB LS 123 176 $1,880,309 $2,6~,524 ~ $2,690,52,4 4, sheet 5
10% Ivflnor items JOB LS $19,085,419

X. SFILLWAY
E~-xc~ation, open cut, all 01ames ’ 8,557 CY ., $4.03 $34,485 3, AVG iten~ lle, Ilia
Baoldill 1,200 CY ... $8.17 $9,804 3, item IIIf

~p~:~vtd comptcted [m~ldill . 300 CY 128 186 $9.30 $13.51 $4,054 4, sheet 5

!~Struc~tural Concrete in floo~, and, ereet 485 CY $365 $~77,025 3, AVG items Ilh, lIIc, llId
Structural Congreve in walls 479 CY $365 $174,835 3, AVG itrras I~, IIIo, IIId

Dri~’lli~8 and ~routin[~ anohor~ ..... 2,260 LF 128 186’ $11.60 ’ .~ $16.86 $38,095 4, sheet 5

F&! ~" die. S.P. drains 180 LF 128 186 $IL60 $16.86 $3,034 4, sheet 5
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Table 2c
¯ ESTIMATED COSTS

COLUSA RESERVOIR (:3.:3 MAF ALTERNATIVE)

USBR INDEX USBR INDEX uNrr COST i UNIT COST TOTAL COST COST
~

DESCRIPTION QUANTITY UNIT JAN. 80 OCT. 96 JAN. $0 I OCT. 96 OCT. 96 REFERENCE
~ 200 CY $31.64 $6,328 3, item In~ 100 CY $11.79 $1,179 3, item ImF&I 6" dia. S.P. drains 700~ L’-----"ff~ ~ 1"~

~
186 $11.60 $16.86 $11,799 4, sheet 510% Minor it ~a’~ JOB LS

SUBTOTAL SPILLWAY $46,064

Incr~as~ illwa ca ici from 250cfs to 2,500cfs
Cos~ Factor ffi (2,500/250)3/..~8 = 2.371 2.37~

~ ~
--

I’OTAL SPILLWAY

KL OUTLET WORKS AT GOLDEN GATE DAM
~xeavation all cla~scs tailrace --36,000 -- CY -- 128 206 $4.60 $7.40 $266,513 4, sheet 6~t ~ 6,000 ~ CY $3.3-~ $20,280 3, item~:.__cavation, tunnel 9,700 CY $12~" $1,241,600 3, item~chambvr and ~haft 6,300 CY $14"-~ $926,100 3, item~le$ 13,400 LF $18.7"0- $250,580 3, item I~]~F&] rout i and fittin s 6,70~ LB 128 206 $2.85 $4.59 $30,731 4, sheet 6~ut holes 446 EA 128 206 $57.00 $91.7"~- $40,914 4, sheet 6
~ 13,400 SKS 128 206 $57.00 $91.73 $1,229,241 4, ~hcet 63oncrete in tunnel llnia8 7,240 CY $321 $2,324,040 3, itemS..tructural Concret= in intake 3:950 CY $34-’~- $1,343,000 3, itun VIkS.tructural Conc~te in l[ate chamber aad shaft 3,110 CY $340 $1,057,400 3, item VIkStructural Concrete in .eil.lJ,[~ basin 3,850 CY $340 $1,309,000 3, item VIkStructural Co.ncrete in an~.hor blo~k~ 3,000 CY... $256 $768,000 3, item VIIdM.etal control house JOB LS 128 206 $5,700 $9,173 $9,173 4, sheet 6Specially cot~ipacted backfill ..... 800 CY 128 206 ~9.70 $15.61 $12,489 4, ~hcet 6F.&I 1 lxl I fl.xcd wheel ~ate~ 116,000 LB 128 206 $3.45 ~." $5.55 $644,072 4, sheet 62-.42" H.J. val.ve~ and oontrol~ ’.’.’ 3~;~9 LB 128 206 $3.90 F $6.28 $202,243 4, *beet 62=guard gates for 42" H.J. valve~ 32,000 LB 128 206 $4.30 $6.92 $221,450 4, sheet 64-.6.5’x8.0’ H.P.. [area 564,000 LB 128 206 $2.85 $4.59 ’$2,586,909 4, sheet 6[_44" alia. pen .sto~k & ma~.ifoid for H.P. ~ate,, 2,000,000 LB

.. $1.65 $3,300,000 3, item VIIi’F&I tunnel support~ 288,000 LB $3.66 $1,054,080 3, item lieT.rash.ra. ck metalwork 74,000 LB $3.63 $268,620 3, item VIq.F.&I towvr bulkhead 100,000 LB $3.02 $302,000 3, item.T..u~nn¢l vent ~,~tem ~OB LS 128 206 $80,5])0 $129,555’ $129,555 4, ~hcct 6_O~er mis~. metalwork 3,000 LB $3.63 $10,890 3, it~n Viil
" $64.14 $t,789,506 3, itemC.ha~ link fabric 23,000 Sic 128 206 $8.00 $12.88 ’ $296,125 ’ 4, ~eet 61.0.%~MJnor itun~ 3DB LS $2,163,451SUBTOTAL OUTLET WORKS

........... s23.Tg7.96t
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Table 2c
° ESTIMATED COSTS

COLUSA RESERVOIR (3.3 MAF ALTERNATIVE)

USBR I~DIgX USBR INDEX UNIT COST UNIT COST TOTAL COST COSTDESCRIPTION QUAI~I’ITY    UNIT JAN. $0 OCT. 96    JAN, 80 OCT. 96 OCT. 96 REFERENCE

.. Increa~ Outlet Work~ capadt), from 2, t00ofa to 22,000cfs

...Co~t Faotor -- (22,000/2100)3/8 = 2.413 2.413 ....
OU.TLET WORKS COST. AT GOLDEN GATE’ DAM

i i!iiiiii!iiii::iii::

x.r~ 0~TL~T WORm ~iT LOg~ ~
E.x=~vstinn all ol~ tuilra~ 36,�~00 CY , 12~ ’206 $4.60 $7.40 $~661513_F-:xcsvstinn, open out 6,000 CY ’ $3.38 $201280 " ’ 3, item llaEx~ation, tunnel 8,440 CY $128 $1,080,320~xcavstion, gate chamber a~d ~hfft ’ 6,300 CY $147 $926,100 3, item IIo ....Drilling grout holes 11,700 LF ...... $18.70 $218,:790 3, itemF&I grout pipe and, fit ".t~n[s 5,800 LB 12~] 206 $2.85 $4.59 $26,’603 4, sheet 6Hookups to grout holes 388 EA 128 ’206 $57.00 $91.73 $35,593 "4, sheet 6Pressure grouting .

. ....11,700 SKS 128 206 $57.00 $91.73 $1,073,292 4, sheet 6Concrete in tu~el iin~’~ 6,300 c~’ $321 ’$2,022,300~tructural Concret~ in ~.n~ 3,950 CY .... "" $340 " $1,343,000 3, it~n VIk.S..tructural Concrete in [~ate cha~_,;,~_ .and shaft 3,110 C"Y $340 $1,057,400 ’3, item VIk ’Structural Conoretv in .~.’llin~ bssin 3,850 CY ’" $340 $1,309,000 ’~, item VlkS_tructural Concrete in ancho.r blocks .. 3,000 CY $256 $768,000 3, item VIIdMetal ~ontrol hour.. JOB LS i28 " 206 ~5,700 $9,173 $9,173 "4, sheet 6Specially compso~d baokfill 800 CY 128 " ’ 206 $9.70 "$15.61 $12,489’ 4,sheet 6F&I llxl I fixed wh. eel [at¢~ 116,000 LB 128 206 $3.45 $5.55 $644,072 4, ~t 62.742" H.J. "calves a~.d controls 32fl~_ LB ’ i28 .... 206 $3.90 $6.28 $202,243 "4, sheet 62 guard gates for 42" H.J. valves "’ 32,000 LB 128 206 $4.30 $6.92 $221,450 4, sheet 64-6.Yx8.0’ H.P. gat.es 564,000 LB i28 206 $2.85 $4.59 $21’~86,909 4, ~eet 61.~4’_’ ~is. i,~,~o~k ~ -~,,~f.ola fo~ ~,. ~stes’. 1,740,000.. LS $1.65 $2,S71,000 ~i it~ vIIoF_&I tunnel supports 250,600 LB $3.66 ’ $917,196 3, item II¢Trashrack metalwork 74,0~0 LB $3.63 $268,620 ..... 3, item VIqF&I towu" bulkhead .... 100,000 LB ’ ’ $3.02 ’" $302,000 ’3, it~n VInTunnel vent system JOB LS 128 ’ ’ 206 $70,000 $112 656 $’I 12,656 4, sheet 6Other mi~. metalwork 3,000 LB $3.63 $10,890 3, item ViiiRockbolls 24,300 LF $64.14 $l,55g,602 3, item VI~,Chal~ link fabrio ’ ~
23,000 SF" 128 ’~-06 $8.00 $12.88 $296,125 4, sheet 6!.0% Minor items ’ JOB ’ LS ’ - ’ ’

S_UBTOTAL OUT.LET WORKS ..... $2,016,062
$22,176,678~Up~e Outl~ Work,,for F~r~t Ev~.ti~

Incre~ Outlet W~rk~ eapacit~ from 2,100cf~ t~ 22,000cf~ -~. !
Co~� Factor = (22,000/2100)3/8 = 2.413 2.413 ’
OUTLET WORKS COST AT LO~ANDAM i:.."~i;~!~::::.::~i~iii~i~i:: "’
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Table 2c
ESTIMATED COSTS

COLUSA RESERVOIR (:3.3 MAF ALTERNATIVE)

USBR INDEX USBR INDEX UNIT COST UNIT COST TOTAL COST COST
DESCRIPTION QUANTITY UNIT JAN. $0 OCT. 96 JAN. 80 OCT. 96 OCT. 96 REFERENCE

XIIL LOGAN PUMPING - GENERATING PLANT (Located at Lo~an Dam)
(Q~S,000cfs, TDHffi332, eff=75%, HP=2SI,II6)                                              "

Pumpin~.-Generatin~ Plant C. omplete JOB LS $230,308,000 $230,308,000 2~UBTOTAL LOGAN P~ING - GENERATING PLANT

XIIL LOGAN PUMPING/GENERATING p~aff~lT 8WlTCRY~qD

. .T.ranfformer, 3 Phase, 65 MVA, 230/6.9 Icy 1 EA 123 190 $665,721 $1,028,350 $1,028,350 4, sheet26
230-kv Line Ba~t, 10,000 MVA 3 "" EA 123 190 $421,000 $650,325 $1,950,976 4,230-kv Bus-Tic Ba~�, 10,000 MVA 1 EA 123 190 $371,000 $573,089 $573,089 4, sheet26Couplin8 Capacitor, (w/potential device) 5 EA 123 190’ $7,800 $12,049 $60,244 4, sheet26Carrier equipment 2 EA
Talcm¢~8 and mp~rvi~r~ oonh-ol

123 1901 $20,000 $30,894 $61,’Tg9 4,
JOB L$ 123 190 $118,936 $183,722 $183,722 4,SUBTOTAL SWITCHYARD

Increase capaoit), from 2,100oh to 5,000ors $3,858,169

Cost Factor = (5,000/2100)6/10 = 1.683 1.683
OUTLET WORKS COST AT LOGAN DAM

Xrv. LO ;AN cANAL
Earthwork 8,976 LF $346 $3,105,696 2
Concrete Linin~ 8,976 LF ..... $139 $1,247,664 2

~V. LOGAN FOREBKY DAM
Total_. Embankment Volume 156,850
Excavation, all cla~$ for foundation 8,892 CY $3.23 $28,721 "
S_trippin$ borrow pit~ 6,061 CY $1.15 $6,970 3, item
_F~cavation, ~iou~ and haulln~ to dam (t~ow) 60,515 CY $3.22 $194,860 3,
Excavation, rockt"mes and haulin~ to dam (borrow) 23,323 CY 123 176 $5.00 $7.15 $166,861 4, sheet 3Excavation, rock and haulln8 to dam (borrow) 53,181 CY 123 176 $5.00 $7.15 $380,485 4, sheet 3P~lacin8 impervious 51,718 CY $0.95 $49,132 3, itvm If
PI acin ~ rookf’mes 29,154 CY $0.75
Placing rock 75,978 C¥ ., $0.75 $56,983 3, itemF&P sand filter and gravel d,-~i 2,761 CY " ’ $8.54 $23,577 3, items li &_Crroutia8 foundation "’ JOB LS 123 176 7,942 $l 1,364 $11,364 4, she¢, 4Draina 53 LF 123 176 $7.75 $11.09 $588 4, sheet 4-_~aravel on creg 39 CY 123 176 $7.75 $11.09 $435 4, sheet 4
10.~% minor itera~ JOB LS $94,184



Table 2c
ESTIMATED COSTS

COLUSA RESERVOIR (3.3 MAF ALTERNATIVE)

I

USBR INDEX USBRINDEX UNIT COST ! UNIT COST TOTAL COST COST
DESCRIPTION QUANTITY UNIT JAN. 80 OCT. 96 JAN. 80 OCT. 96 OCT. 96 REFERENCE

XVL StrES-COTTONWOOD ELVERTA #2 LOOP
Cl~arin~ Land                                              .lOB LS 126 217 $4,460 $7,681 $7,681 4, ~¢t27~’ow©rs and Fixtures JOB LS 126 217 $471,380 $811,821 $811,821 4, ~ect27Conductors and Derives JOB LS 126 217 $250,160 $430,831 $430,831 4, sheet27

SUBTOTAL
$818,000,000

CON’f INGENCIES (~} 20%
$164,000,000ESTIMATED CON~TKUCTION COST
$982,000,000

F.NOP~ LEOAL, ~ ADIvflN @ 35%
$34A.,000,000

ESTIMAT~ CAPITAL COST

~’STIlViATED CAPITAL COST RANGE
LOW (-10%)

"" HIGH (+15%)
$1,200,000,000
$1,530,000,000

~’OS~ ESTIMATE DOES NOT INCLUDE FUNKS DAM ENLARGEMENT.

,-

Footnote:
~LS=lump ram; AC=aore; MI--mil¢; CY=onbio yard; Ll;=lincar foot; LB=pound; SF=~quare foot; EA=eaoh

Co~t References:
1. U.S. Bureau of Reclamation, Land Re~onrc~s Braneh, Graham McMullea, February 1997.
2. Co~ devdoped by Bookman-Edmo~aton Eagineu.ing.

3. California Department of Water Re~ouroe~, Lo~ ~an~ Cnwnd¢x Facilltie~ Repor~ Mppendb~l: D¢~igr~ and Co~t F~ttmatex, Deck, bet 1990.
4. U.S. Bureau of Reclamation, Apprai~aI De~ign Criteria and Co~t F~timat~ ,4ppendlx, Fc" e~t facramento Cm~rd Uni~ Sarramento River DivtMo~ CFP, September 1980.
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Table 3

SUMMARY OF ESTIMATED COSTS
SITES/COLUSA RESERVOIR

Estimated Cost ($Millions)
Cost Item 1.2 maf 1.9 maf 3.3 maf
Rights of Way $24.4 29.1 58.8

Relocation of Existing Property 13.7 16.4 32.7

Clearing Reservoir 0.8 0.8 1.5

Access Road 2.5 3.0 6.1

Dams and Dikes 40.8 137.5 363.6

Spillway 0.4 0.5 1.2

Outlet Works 50.0 57.4 110.9

i Generating Plants 212.3 234.8 230.3

Generating Plant Switchyard 6.5 6.5 6.5

I Logan Canal and Forebay Dam 5.4

Sites-Cottonwood Elverta #2 Loop 0.6 0.6 1.3

SUBTOTAL 349 484 818

Contingencies (20%) 70 97 164

ESTIMATED CONSTRUCTION COST 419 581 982

ESTIMATED TOTAL CAPITAL COST 566 784 1330

Capital Cost Range (minus 10% - plus 15%) $509 - $ 651 $706 - $902 $1,200 - $1,530

D--004724
D-004724
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Figure 4
AREA-CAPACITY CURVES
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Figure 5
AREA-CAPACITY CURVES
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GOLDEN GATE
600- SITES RESERVOIR DAM

Maximum Operating El. 532.0 ~ El. 541 - Crest Etevat~on for Large Sites Project
Copocily 1.9 mar //t

-- ~ ~ El. 490 - Crest Elevation for Sites Project
~ Maximum Operating El. 480.0

~
Copoclty 1.2 mar //

400 --                                               //
GOLDEN GATE

~ M~.~30~.f~. t~’ // PUMPING-GENERATING
// PLANT

// "~: TEHAMA-COLUSA CANAL~,,’, FUNKS FOREBAY

,:.i~"l Maximum Water Surface £1. 205.0

Minimum Operotlng

Figure 6

Sites Reservoir
and Related Facilities~o~’°

_--_                                                               Schematic Profile



03121/97
~I~

(~

6Go-                                   LOGAN DAMCOLUSA RESERVOIR

Maximum Operating EL ,532.0

LOGAN
400 PUMPING-GENERATING

PLANT
Q=5,000 CFS                                                                                                                                                              !,,~,

LOGAN FOREBAY TEHAMA-COLUSA CANAL

LOCAN CANAL

Water Surface EL 210.0

Figure 7

Colusa Reservoir
and Related Facilities~o~°=~’°

,__                                                                      Schematic Profile


